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ABSTRACT

In separste series of YT-700 sugine lests, direct comparisons
were mads between the forwand-facing labyrinth snd dual-brush
compressor discharge ssals. Cornpressor spoeds 1 43 000 rpm,
surface spesds 0 160 m/s (530 fts), prossures to 1} MPa
(145 pei), nd wmpershres w0 680 K (765 'F) chancterized
thess mets. The wear estimass for 46 be of engine openations was
less than 0.028 mum (0.00] in.) of the Haynes 25 alloy bristies
nmaisg sgainst s chromiom-carbide-costed rub reaner. The pres-
swe drops wem kigher for the dual-brush sal then for the
forward-facing labyrinth ssal and leakage was lower—writh the
labyrinth ssal leakags being 2% times greater—izaplying betwer
seal charscteristics, betior secondary airflow distribution, aad
better ongine performance (3 percent at high pressurs 10 § per-
osnt st lower pressure) for the brush seal. (However, as brush
sesls wear down (after SO0 to 1000 hr of eagine operution), their
Inakags retes Wil increass.) Modification of the secoadary flow
path requizes that changes in cooling air and engine dynamics be
asccounted for.

INTRODUCTION

Labyrinth ssals are efficient, readily integrated into designs,
sad generelly essy 10 install into cagines dut are inhsrently
uastable (Headzicks et al, 1992). However, installing & simple
swirl break significanty enhances the stabdility margis and miti-
goes thin drawbeck (Childs ot al., 1989). Details of theory,
sxpeciments, and design resthods for labyrinth seals and confige-
rations ars provided by Tremoviky (1977). Focwand-facing laby-
tisth tooth coafigurations with s varisty of rud interfaces (e.g.,
hossycomb) were studied in detall by Socker et al. (1977) under
8 U.8, Air Foros coutragt with codes developed by Morrison and

Chi (198S5), Demko et al. (1988), and Rhode et aL (1988) and by
Rockeudyns (intemal Rocketdyns report). Optimization proce-
dures are available from MT] Inc. (private communication from
W. Shapiro) and are being implemented into the NASA seals
codes program.

Brush seal sysiemns are officient, stable, contact seals that are
usually inter-hangeable with labyrinth shaft seals but require a
smooth rub runner interface sad sa interference fit wpon installs-

-tion. The major unknowns snd nesded ressarch are tribological

(o.g., life or inserface friction and wear) becawss of the following
performance dersands: pressurs drops over 2.1 MPa (300 peD),
tempecatares (o over 1090 K (1500 °F), and surface speeds to
460 m/s (1500 fv/s). Current ressarch supported by the Navy
(privite commounicsion from W. Voorhess), the U.S. Amy
(private comtmuaication from R. Bill and G. Bobula), and the
U.S. Air Force's Wright Patterson Alr Force Base is addressing
thoss issues and shows promise in mesting thess demands.

In this papet we compare the telative pressurs drop diffsrences
betwesn the baseline labyrinth and dusl-brush compressor dis-
charge seals at compressor discharge pressures to 1 MPa
(148 psi) and temperatures to 680 K (765 °F) with operating
speeds to 43 000 spm.

ENQINE FLOW PATH

The power straam aicflow throsgh the compressor and the sec-
ondary sirflow leaks ps past the compressor discharge seal (CDP)
are illustrated in Pig. 1(a). and the CDP viscous-tube flowmeter
is shown in Fig. 1(b). The compressor discherpe seal packags
and associated drain tubs are loosted immediately downetream
of the impsller and labeled CDS. The drain tube was opened
after a series of ruas and swabbed for debris.



COMPRESSOR DISCHARGE SEAL

Lebyrinth Seql Systom

The labyrinth CDP seal package and sirflow peth are shown
in Fig. 2(a) The aominal 71-mm (2.8-in.) diameter forward-
facing labyrinth scel systom is illustrated in Fig. 2(b). The laby-
dnth seth rub into a felt-metal typs of ipseface, forming the
soal systom. Nows that the weth sre not all forward facing and
e weod in differeat ways 0 setiefy differest engine operating
requirements. A simaleted expioded visw of the sea! syseem is
given in Fig. 3 and clearly illustrases the forward-facing seeth of
the rotor. However, the bousing shown in the figure is for the
brush seel.

‘The dual brosh was selected over a single brush for reliability
of a critical engine component, distribution of the pressure drop
per brush, and mitigatico of wear. The dual-brush CDP seal
peckage and ajirflow path are shown schematically in Fig. 4(a)
ad illostrased in Fig 4(b). The dual brush, nominally 71 mm
(2.8 in.) in diameter, runs against & 0.178- %0 0.254-mm (0.007-
10 0.010-in.) thick, smooth (8 rms) chromium-carbide-coated rud
ranper intocface a3 shown schematically in Fig. 4(c). (See also
Figs. 11(b) and (c) Letween weer scars.) The basic seal cystem
was eavisioned by Geaeral Electric and manufactured by Croes
Mg Lod. (Flower, 1990). it has 0.071-mm (0.0028-in.) diameter,
Haynes 25 bristos angled 43° to 50° ¢t the imerface with
spprximately 98 to 99 per millimeter of circumfersace (2500
per inch of circomference) and a nominal inwcference fit of
0.127 mm (0.005 in.) at installstion. Brush seal dosign conditions
include surface speed of 168 m/s (550 f¥/s), mmperature of
740 K (870 °F), pressure drop of 0.6 MPs (84 psi), and bristle
deflection of 0.64 mm (0.025 in.). Pigure 5 gives a post-est
sxploded view of the brush scal systemn with associated instro-
aseatation lines (cut after testing). Figurs 6 provides a side-by-
tide comparison of the forward-facing labyrinth seal (right) and
the chromivms-csrbide-coated rub runner replacement (loft); these
reprasent the rotating imterface. This design could be snhenced
by using an upetream "wasber” 10 mitigate foreign object damage
aad by optimizing the backing washer thicimess and profile to
pressure lrading to mitigats hysteresis.

APPARATUS AND INSTRUMENTATION

Pretcst snd post-test photographs of the dual brush and its
installation in the seal sysom are sbown in Figs. 4, S, and 7.
Figure 4(b) depicts the dual brush prior 10 aad Pig. S after test-
ing. Pigere 7(a) shows the upstream view of the imstrumented
housing; four thesxaocoupiss ase attached 10 the side piases with
spetream asd downstream pressure taps. Pigare 7(b) shows a di-
rect view from the downstream side, sad Pig. 7(c) is mn isomet-
tfic view showing the "shiny" nature of the bristie inserface.
Msay seal dimensions and coating and tostallstion details are
proprietary.

ENGINE SEAL INSTALLATION AND OPERATIONS

The YT~700 compressor soction was first assembled with the
Iabyrinth seal and run as & buseline for comparison. After & test
series was complend, the eagine was shipped 10 the Corpus
Caristi overbanl facility. The compressor discharge seal labyrinth
System was removed sod the brush package (Fig. 8(a)) inserted
into the bousing (Fig. 8(b)). The brush seal system was installod
without special waxes, which can lead to bristls distortions and
irreguier beistle voidege. (These waxes hold the bristiss off the
rotor during installatios and readily “burn out” at a Jow lempera-
ture.) The instaliation was blind; a pencil run sbout the circum-
ference spread the beisties uniformaly, and the shaft rotated as the
package was inserted vertically into the cagine.

Operations consisted of the standard break-in procedures with
data taken primasily under sweady conditions. The engine was
opecated a total of 46 hr, including break-in, from ground to
power-turbine-inlet-tempersture-limited foll power. Compressor
speeds were 0 43 000 rpm with scal housing temperatures
680 K (765 *F). Local conditicns at various compressor dis-
charge pressures are given in Tables I and II. The compressor
discharge seal leakago was vensed through the drain tube (Fig. 1)
aad metered using the tube as a viscous flowmeter. The debriy
collected in the drin tabe was a "lubricant powder,” but the
spoctrs indicated ssveral contaminant metals from elsowhere in
the engine. Rotor roughness, brush construction, and upetresm
debris gensration play a major role in determining the spectrum.
Alttough seither radial noc axia! rotor positions were monitoced,
such position ssnsors should be an insegral part of the eagine
dyocanics.

RESULTS

Post-test measurements of the brush and inspection of the bris-
ties revealed 8 smooth bristle interface with some characteristic
shear wear (Pig. 9) but little other visible damage. From an
narecorded visual inspection at 64X prior 10 test, the bristle tips
were shacp, clean, elliptical surfsces. The brush wear patterns
(Figs. 10 and 11) wers attribused 10 the engine dymamics al-
though o dyssmic tracking instrumentation was available. The
patterns are nteresting in that they are on the average 15° from
the antirotation pin. (The clocking point may be associsted with
a compressor boaring position or loading point ) The pattemns for
the upstresm seal differed from those for the downstream seal
(see also Fig. 4), mdicating a diffecential in pressure drop across
each of the seals. 1t is anticipatsd that about 40 perceat of the
total pressure drop across the dual brush oocurred across the first
brush and 60 percent across the second brush (Flower, 1990, and
privats communication from R Flower of Croms Mfg. Lid.).
Soch loading resulted In stiffer bristles in the second brash and
imapliss a greater bristle wear. Praload and operational loads are
important design life parameters (private communication from
Ellen Mayhew of Wright Patzerson Alr Force Bass), but data 1o
quantize thess parameters are aot available.




wsually & plssme-sprayed mixtae of CryC, and Cr,C, grownd
mad potished 0 form the reb-runner surface). The CyC-coated
reb remmer exhidined slight weer scars but 80 apallation or

however, eccentric operstions, startop, or & hard reb caused &
These wear bands are readily visible tn Fig. 6, where the upper

poaks of salts (0.3, Pig. 12). The nickel, chromiam, snd sungsten
limos chacactarize bristle matecials and some possible coating
wesr. The debris was fine and difficult to locass and isolase
within the twbe. Other metal sources and rubbing surfaces could
have also produced such debris, but we atiributed it 90 beistle
wesr.

The upstress: wear surface of the rub nasier is charactarized
by Fig. 13(s) and the downstream weer surface by Fig. 1Xb).
The CrC costing is characturized by light and gray aseas, and the
energy spectram shows the light areas to be an NiCr composition
sad the gray amas 0 bs precominantly Cr. The light and gray
aress of the matrix or unrubbed matecial betwesn the bands is
ilwtrated in Pigs. 13(c) and (d). Similarly, for the upstvem
wear band i» Figs. 13(s) and () and for the downstream wear
bend in Pigs 13(g) and (r). There appeats to be 30 material
tansfer from the beisties © the rotor and only minor scarring
sad polishing.

The resukt of interest here is that the initial design insecfereace
was 0.127 mm (0.005 in.) and the post-test estimats of intsrier-
eacs was 0.101 mea (0.004 in.), or perhaps s raaximurn weer of
0.025 ma (0.001 fa.).

Representative seal Jeakage variations as 3 function of com-
pressor dischargs pressurs are given as Fig. 14, with calculation
pacameters in Toble L (See Fig. 1(b) for the location of the
flowmetsr.) Readings 42 to 111 ae labyriath or bassline seal
dats; readings 331 10 342 are dual-brush seal data. On the
average the labyrinth ssal leaknge is 2.5 times more Gan the
daal-brush seal leaicage sad strongly depends on prassure relative
to the dual brush. Increasing pressure tends 10 peck the doal-
brush seal; leakags flow decreases (o approximatsly 0.83 MPa
120 pal) 2ad then increasss. (It also stiffeus the brisdes and
incressss wear.) Ths pressure drops for each compersbl
cormproesor dischargs pressure setting were higher for the brush
seal system than (or the labyriath seal systcm (Tables I to II).

. Also implied is snhanced engino efficiency. However, s
decrease in experimental wstbed engine specific fuel consump-
tion (3 peccent at compressor dischargs pressures of 1 MPa
(145 pei) 0 5 peccent at 0.62 MPa (90 pei)) was found (Fig. 15,
Table IV). Variation of experimental wstbed specific fuol coa-
sumption with horsepower is givon in Fig. 16. To within the
eror estimates Go pecformance increase is assumed to result
from less Isskage and enhanced distribution of secondasy airflow
through the engine.

&t is importent to recognize that more efficient seals cannot
simply be installed without computing sad accounting for the
secondary airflows necessary for the cooling and engine dynam-
ics associstod with the seal leskage modifications.

SUMMARY
In & series of YT-700 engine tests, direct comparisons were
mads botween a forward-facing labyrinth ssal configuration and
a dual-brush compesssor discharge seal. The nominal seal diam-
otsz was 71 mm (2.8 in.). The et conditions inchided compres-
sor discharge pressures © 1| MPa (145 pei), lemperatures (o
680 K (765 °F), opersting speeds t0 43 000 rpm. and svriace
speeds 10 160 m/s (530 f/s) with the working fluid being nomi-
nally dry ambiont air. The bristie wear was cstimated 0 be less
thes 0.02S men (0,001 in.) in 46 br of engine operations.
The average labyrinth scel lesknge was 2% times presser than
the dual-brush seal leakage and stroagly depeadent on pressure;

fus! consumption was less for the dual brusd than for the laby-
cinth seal-—3 peccent less &t high compressor dischargs pressure
and § perocent Jees at lower prossure. Decreased seal leakags and
betier distridutiocn of secondary airflow are assumeod % account
for the performance increases. (However, as brash seels wear
down (afver 500 to 1000 ke of emgine operation), thelr loakage
rawe will incresse.)

Depot T-700 Engine Assombly Arsa.
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TABLE L—PARAMETERS FOR CALCULATING SEAL LEAKAGE VARIATIONS

fCDP viscous-tabe fiowineter diasmstey, 0.625 .}

Reed- | Compressor | Tersper- Total Sutie Prassure Velocity, | Volumertric Suanderd Dm Weight

ing discharge shae, preasure, prosmare, ratio ] flow rate, volumswic flow

pressurs, °F pei pei s flow e, e,

peia 2n | V)
42 0 68.37 1631 16.08 0985098 | 1783516 0.379953 0.225091 § 0.045303 | 0.010197
» 90 L7, 8 17.3% 1708 900449 | 208.8661 A44995 250028 04448 011442
36 148 764.88 2218 2152 97538 | 256.2389 545924 38611 047436 016062
63 ) 8.2 17.48 1713 99977 [ 21.4514 AS0303 261638 044416 011631
n 0 304.08 1632 16.08 085294 §181.7921 387313 2290074 043038 010271

9% 120 687.96 19.73 192 M3 | 48.0307 528437 312021 048157 01409
103 143 764.84 21.94 2133 mie js2.9m 53887 31287 047017 015976
111 120 609.97 19.78 1925 973208 | 247.67% 527681 A4 048196 014094
k1 }] 20 439.87 15.96 1601 1003133 | 73.99044 156M7 098488 04804 004731
332 90 485.28 1653 16.61 1003628 | 7039393 149981 093044 047648 004414
kix} 120 586.86 18.3 18.41 1.006011 34.75435 116636 072427 047682 00343
k ;2] 143 656.26 20.29 2037 1003943 | 68.33078 145581 0979 20N 004621
338 155 M. 3124 2134 1.004708 | 6333183 13493 B8299 050047 004419
3% 162 709.28 2195 .06 1.005011 | 61.34261 130692 087046 050938 004434
7 182 7.4 202 1 1003633 | 70.34602 19874 099819 050936 005084
33 158 698.44 21.44 1. 1003268 | 7273489 154964 101581 050132 005093
3» 148 667.55 206 20.56 1.00M16 | 71.7534 15287 098409 0821 004843
30 120 96.94 1855 18.63 1004313 | 6591849 140441 08795 04791 004159
M1 90 0.0 16.72 1678 1.003589 | 70.63543 150091 91929 046717 004293
k7 7] 0 467.61 16.14 1621 1.004337 | 65.7%912 140102 08649 047188 004079




TABLE ti—T~700 COMPRESSOR DISCHARGE SEAL

AND ENGINE TEST PARAMETERS
(s) On way wp
Configarstion | Comprewsor | Twbine | Compressor | CDLPCE® Inpeller CDLICE Pressure
wpeed, speed, discharge wapeanse, | aft cavity preasare, M
pa pe pressure, r pressure, pes peis
peia psia
Bascline 29 600 10 500 30 348 ns 162 213
Bresh 321 »s 154 2.1
DifYerence 28
Bassline 35 500 14 000 0 4% 46.7 17.0 2.7
Brush® ™ 458 $3.1 163 368
Difference 7.1
Bascline 38 300 17 00 90 78 Ly X 184 9.5
Brush 02 9.2 168 Q24
Difference 33
Baseline 41 300 20 000 120 688 74.2 212 530
Brush 40 400 20 000 399 76.0 187 5713
Diffesencs 43
Beseline 43 1% 19 000 145 765 876 239 63.7
Brush 42 340 20 000 m 99 208 #.1
Diffesence L7 )
Bassline and 43 090 19 00 155 710 956 218 738
brash
(®) On way down
Baseline and 41 500 20 000 145 3 99 209 ®o
brush

Baselins 41 400 20 000 120 60 4.1 212 529
Brush 505 76.4 189 5735
Differencs 48
Baseline 38 400 17 400 %0 S8 1.7 185 »2
Brush 37 800 18 100 516 9.1 169 22
Differsace 30
Bussline 33 600 14 000 LY - %3 169 29
Brush 34 200 14 600 473 82 160 322
Diffessace 23
Bessline 29 200 108, so s ns 16.1 s
Brush 31700 10 500 » m 29 158 71
Diffesance 36

ACDLICE donotes > vmpresscr dischargs low -pressure-cavity sxhaust
Syom overshot and then backed down 10 “run through® *he. comprensce critical speed. (Now: this is not the case on the
way down.)




TABLE M.—ASLATIVE PRESSURE DROPS FOR
SASELINE COMPRESSOR DISCHARGE

LABYRINTH AND BRUSH
SEAL SYSTEMS
(2) On way wp
Compressor Prossure difSerence,
poosure,] APy - APy
peis psl
L] 28
0, *»® 1.1
90 33
120 43
148 54
(®) On way down
120 46
90 30
70 23
%50, ®s9 .6
“Baseline.
*Bruh.

TABLE V~DRCREASE IN SPECIFIC PUEL

CONSUMPTION WITH INCREASE IN
COIMPRESSOR CISCHAT.GE PRES-
SURE FOR DUAL-BAUSH SEAL
lnh.!cow.a Bxperimental | Exparimental

discharge tsthed testhad
presowrs, | engine specific agise
pela consamption| horsepower

Q L) 138 19
» 90 95 140.9
% 143 » 188.6
(Y 90 96 193.9
n ) 136 265.3
96 120 687 265.8
103 143 3 0.4
1! 120 68 mi
3 20 112 5820
m %0 K-/ 545.4

3% 120 .67 538
34 148 57 5528
338 135 45 $28.9
33 162 4 $99.6
b)) 1 KX} s
”m 158 34 oes
% 148 57 953.6
340 120 66 95%0.)
Mi ) 9 103s.3
M2 20 L1 1060.9




®) Locatien of CDP flowmeter.
Figure 1.--8chematic of engine airfiow and loJation of flowmaeter.
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Pigure 2.--Labyrinth compreseor discharge sesl system.




OMPressor
[
—Simuiated exploded labyrinth
of
view
.
 syciom
3'lm seal
ch
P

9



[~ COLP cavity static

— Stationary ! Boostion 1200

COP seel // end 3:00ALF) — EBrush seel cartricige

| metal thermooouples
/ // {location 12:00 and
/ 3:00 ALF)
7
=~
/ | -
LY
N,
/ \
Brush seal cariridge —/ e Rotating COP seal

(s) Srush seal package and airflow.

10 mm .|
04 in.)

N

88.2-mm
(347 -in.) diam

923 mm

.HL"_’

e —
or
V4 { !

! oo

(2.876-in.) ‘

l;)'r:m \'178-0.28 mm 1.4 mm diam i

2798 1n) (0.%07-0.010 in.) 0088 In) - ;
4.63 mm

I 019 in.)

{d) Hivetration of duai-brush compressor echarge seel system.
Figure 4.—Dusk-brush sompresecr discharge seal system anc' schematio of a'rfiow.
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Figure 8.~Exploded view of dual-brush compressor
discharge eeal system: (after test).

3
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Figure 8. —Compressor discharge seal rotors for tabyrinth
sea! (right) and brush seal (Jeft).
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{a) Upstream: view. (b) Downstream view.

{c) isometric view.

Figure 7.—Dual-brush compressor dischar-e seel system after testing.
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(o) Beal package cavity and housing.
Figure 8.—~Dual-brush sea!l package Inetailation.



Figure § ~Ciossup views of bristise
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Profile distance, um
(b} Discharge seal profile showing sight wear scars.

1 |
0 2000 4000 8000
Proflie distance, um

(c) Dvecharge seal profile shuwing deeper wear scars.

Figure 11.—Coating wear pattern and discharge seal profiles for compresscr diecharge seal rub runner.
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Figure 12.—-8EM peaks associsted with drain pipe debrie.
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Figure 13.~AGM peais asecolated with chromium-carbide-coated rub runner,
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Figure 13.~Continued.
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@) Light area in downetream (Upper) wesr band.

Figure 13.=Concluded.
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Figure 14.—-8eal weight flow aa a function of compressor discharge
pressure for lebyrinth and dual-brush sesls.

O Labyrinth seal
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Open symbols denote incressing
compressor discharge pressure
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F 18. ental testbed fuel on
igure 18.—Experim ongine specifio oconheumption as a

of compressor discherge pressure with labyrinth end dusi-brush
seols.

20




| ] | J

8
100 200 300 400 800 600 700 800 900 1000 1100
Experimental testbed engine horsepower

Figure 16.—Experimental testbed engine specific fue! consumption as a function of horaepowsr.

2]




= e .

REPORT DOCUMENTATION PAGE

) oaing T Cotactan cf inmation.
e S e e e o e R
=3 2OV CSE ORLY (Leeve by 1% MEPORTORTE |3 MIPORTIWPRARSBATIS COVENGD
! October 1995 Technical Memorandum

Relative Performance Compsrison Between Baseline Labyrinth and Dual-Brush
Compressor Discharge Seals in 2 T-700 Engine Test

o AGTHGRG) WU-584-03-11
Robert C. Hendricks, Thomas A. Griffin, Teresa R. Kline, Kristine R. Csavina, IL162211A47A
Arvind Pancholi, and Deveadra Sood
~7. PEAFORMNG ORGAMIZATION NANIL(B)  ND ADDRESS(ES) " e “mETETeT—
NASA Lswis Ressarch Cantar PERFORMING
Cloveland, Ohio 441353191 REPORT NUMBER
-‘V&khquuu Dirvcoorats E-8154
US. Amy Ressarch Laborsiory
Clevaland, Ohio 441353191
- 9. SPONDORINGMONITORING AGENCY NAMIK(S) AND ADDRESHES) 10. SPONSORI GAKOMITORING
Natiooal Assonsstics sad Spece Administzstion AQENCY REPORT NUMBER
] :‘M.D.C. 205460001 NASA 06360
4 U.S. Amy Research Laboratory 232
L Adulphi, Maryland 207831145 ARL-MR
11. SUPPLIMENTARY NOTES

Prapaced for the 3%h Saternational Ges Tarbise and Aeroengine Congress and Exposition sporeored Ly the American Society of Mechanical Engineen,
The Hague, Nethetlancls, Juns 1316, 1994, Robext C. Hendricks, NASA Lewis Ressarch Centsr, Thomas A Griffin and Teresa R. Kline, Vehicle
opualsion Dirsctorate, U.S. Aony Ressarch Labarstory, NASA Lewis Ressarch Canser; Kristing R. Csavin 3, Sverdeup Technology, Inc., Lewis
Ressarch Comner Geoup, Brook Perk, Olsio (work finded by NASA Costrect NAS3-25266); Arvind Pancholi and Devendra Sood, Genenal Blectric
Corporstian, Lym, Massachussets. Respoasible person, Roben C. Hendricks, organizstion cods $300, (216) 433-7507.

122. DISTRIBUTIONAVAILABILITY STATRMENT 126. DISTRIBUTION CODS
Unclassified - Unlimited
Subject Casegary 20
This publication is available from the NASA Center for Acrospace Information, v301) 621-0390.
13. ADPSTRACT (Maximurn 200 words)

In separase series of YT-700 eagine tests, direct comparisons were made between the forward-facing labyrinth and dual-
brush compressar discharge seals. Compressor speeds 10 43 000 rpm, surface speeds to 160 nmvs (530 fu/s), pressures to

1 MPa (145 psi), and temperatures 1o 680 K (765 *F) characterized these tests. The wear estimate for 46 hr of ergine
operations was less than 0.025 mm (0.001 in.) of the Haynes 25 alloy bristles ninning against a chromium-carbide-coated
b runner. The pressure drops were higher for the dual-brush seal than for the forward-facing labyrinth seal and leakage
was lower—with the labyrinth seal leakage veing 2-1/2 imes grester—implying better seal charscieristics, better second-
ary airflow distribution, and better engine performance (3 percent at high pressure (o S percent at lower pressure) for the
beush seal. (However, as brush seals wear down ‘after 500 to 1000 hr of engine operation), their leakage rates will
increase.) Modification of the secondary flow pat requires that changes in cooling air and engine dynamics be accounted
for.

14. SUBJECT TERMS 16. NUKIOER OF Pacas |
Seals; Brush; Labyrinth; Coating; Turbo shaft engine mraa?—' =1

A03

15. SSCURITY OLASSIFICATION | 19. SEOURITY CLASSIMICATION 2. LIMITATION OF ABSTRACT
OF THIS PAGE OF ABSTRACT

Unclassified Unclassified

NEIN 7RAN N1.200. BANN Asandard Farm 208 (Rav 2800




